Aims Previous molecular phylogenetic studies disagree with the informal generic-level taxonomic groups based on morphology. In this study morphological characters in the caesalpinioid clade Detarieae are evaluated within a phylogenetic framework as a means of better understanding phylogenetic relationships and morphological evolution. † Methods Morphological characters were observed and scored for representative species of Detarieae focusing on the resin-producing genera. Phylogenetic analyses were carried out with morphological characters alone and then combined with DNA sequences. † Key Results Despite a high level of homoplasy, morphological data support several clades corresponding to those recovered in molecular phylogenetic analyses. The more strongly supported clades are each defined by at least one morphological synapomorphy. Several characters (e.g. apetaly) previously used to define informal generic groups evolved several times independently, leading to the differences observed with the molecular phylogenetic analyses. Although floral evolution is complex in Detarieae some patterns are recovered. † Conclusions New informal taxonomic groupings are proposed based on the present findings. Floral evolution in the diverse Detarieae clade is characterized by a repeated tendency toward zygomorphy through the reduction of lateral petals and toward complete loss of petals.
INTRODUCTION
Various resin-producing Caesalpinioideae belong to the large tropical tribe Detarieae as defined by Mackinder (2005) and Bruneau et al. (2000 Bruneau et al. ( , 2001 , which comprises the previously recognized tribes Amherstieae Benth. emend. Léonard and Detarieae DC. Of the 84 genera in Detarieae, 14 (147 -149 species) produce terpenes that frequently make up resins (shown in bold in Tables 1 and 2 ). These terpenes are principally bicyclic diterpenes (in some genera the diterpenes are both bi-and tricyclic) and sesquiterpenes. The resin-producing genera were previously placed in different generic groups (the Brownea, Crudia, Detarium, Hymenaea and Hymenostegia groups) of tribe Detarieae sensu Cowan and Polhill (1981b) . However, several molecular phylogenetic studies (Bruneau et al., 2000 (Bruneau et al., , 2001 (Bruneau et al., , 2008 Fougère-Danezan et al., 2003 , 2007 have suggested that the terpene-producing genera occurred in only two clades: the Prioria clade, with five of the six genera producing terpenes, and the Detarieae sensu stricto (s.s.) clade, with nine of the 16 genera producing terpenes. The latter study (Fougère-Danezan et al., 2007) resolved the resin-producing Detarieae as monophyletic, albeit with moderate clade support. Few other members of Fabaceae produce terpenes. Langenheim (1981 Langenheim ( , 2003 noted that diterpenes produced by species of Detarieae are similar to each other, but differ from those produced in other groups. It thus appears that diterpenes and particularly bicyclic diterpenes are the most characteristic terpenes of the resinproducing Detarieae.
The resin-producing Detarieae are diverse morphologically. Members of this group are mostly unarmed trees or in rare instances shrubs with compound or rarely unifoliolate leaves. Their flowers are diverse in size and structure (Cowan and Polhill, 1981b; Mackinder, 2005) . These may be small and apetalous or large and showy, with floral variations occurring in all whorls. The two adaxial sepals are often fused. All five petals can be present (e.g. Schotia), all can be absent (e.g. Prioria), or some can be absent or reduced and some present (e.g. Eperua). Stamens can be free (e.g. Prioria) or connate (e.g. Eperua) and although most species have ten fertile stamens, some have more (Colophospermum mopane) or fewer (e.g. Stemonocoleus). Some species with fewer than ten fertile stamens have staminodes with sterile anthers (e.g. Sindora) or without anthers (Augouardia letestui). The ovary consists of a single carpel (as in most Fabaceae) that is stipitate (e.g. Schotia) or not (e.g. Kingiodendron) , and when present the stipe can be central (e.g. Prioria) or fused to the adaxial side of the hypanthium (e.g. Schotia).
Because of the great morphological diversity in Detarieae in general and in the resin-producing Detarieae in particular, the taxonomy of this tribe is problematic (cf. Polhill, 1981a, b versus Breteler, 1995) and warrants further study. Moreover, recent molecular studies (Bruneau et al., 2000 (Bruneau et al., , 2001 (Bruneau et al., , 2008 Fougère-Danezan et al., 2003 , 2007 do not support the traditional classification (tribe delimitation and generic groupings; Cowan and Polhill, 1981a, b) based on morphology. Following the results of molecular analyses, the most recent classification of Fabaceae (Lewis et al., 2005) treats Detarieae (Mackinder, 2005) as a single tribe, but no taxonomic groupings are proposed within the tribe. This reflects our current understanding of the group because few attempts have been made to use morphology in a phylogenetic context, in order to better define taxonomic groups. The arguments put forward by Luckow and Bruneau (1997) in favour of the inclusion of ecological characters could also be applied to the inclusion of morphological characters in phylogenetic analyses (see also Jenner, 2004; Wiens, 2004) .
The aims of this study are to evaluate the utility of morphological characters, to determine morphological synapomorphies for clades (allowing us to propose new generic groupings) and to understand better the complex floral evolution in this group. To address these issues, we analysed morphological data both alone and in combination with molecular data within a phylogenetic framework focusing on the resinproducing Detarieae.
MATERIALS AND METHODS

Sampling
At least one species from each genus belonging to the Detarieae s.s. and Prioria clades (resin-producing Detarieae) were included in the study. Herbarium specimens from 90 species (40 genera) were selected including three outgroups and nine place-holders for the Amherstieae clade (Appendix 1).
Methods
Herbarium specimens were observed using a binocular microscope and, when possible, 1 -3 flowers were dissected after rehydratation (using warm water or water with 10 % glycerin). From these observations, 75 morphological characters describing vegetative morphology, inflorescence structure and floral morphology were coded and scored (Appendix 2). The methods for preparing twig wood samples to document vestured pits (our only anatomical character) are described in Herendeen (2000) . Using information from the literature, 13 characters describing pollen grains (Banks and Klitgaard, 2000; Banks et al., 2003) , wood anatomy , seedlings (Léonard, , 1994 Watson and Dallwitz, 1993) , fruits and seeds Kooiman, 1960; were added. Because the species selected in those different studies and the present study were not always the same, when no variation was observed in a genus all the species of that genus were considered as having the same character state. When variation was observed, the species for which that character was not observed was scored as missing for this character.
Analyses
The morphological matrix (see Supplementary Data, available online) was analysed with PAUP* 4.0b10 (Swofford, 2002) . All characters were considered as unordered. The morphological data were also combined with the molecular data of Fougère-Danezan et al. (2007) in a concatenated matrix. For all analyses, we used the heuristic search algorithm with tree bisection reconnection (TBR), MULTREES and steepest descent in effect. An initial set of trees was obtained via random stepwise addition (1000 replicates) with 10-50 trees retained per replicate. Those trees were then used as starting trees for a full heuristic search using TBR to search for additional optimal trees, retaining a maximum of 10 000 trees. All the values of consistency indices are calculated without the autapomorphies. Bremer support values (Bremer, 1988 (Bremer, , 1994 were generated using autodecay 5 . 0 (Eriksson, 2001) . Values ,3 were considered as low (clade poorly supported), values from 3 to 5 as moderate, and values .6 were considered to indicate strong clade support.
The partition homogeneity test or incongruence length difference test (ILD test; Farris et al., 1995) as implemented in PAUP* was used to test for incongruence among the different data sets. A threshold a ¼ 0 . 01 was used as recommended by Cunningham (1997) .
The evolution of corolla symmetry (i.e. characters 52, 53 and 54 taken together) was reconstructed on one of the mostparsimonious trees using the parsimony criterion in Mesquite 2 . 6 (Maddison and Maddison, 2009 ). Because internal transcribed spacer (ITS) sequences for several taxa were missing, the results of the morphology and plastid data (MC), with more complete taxon sampling, rather than the results of the combined analysis of all three data sets (MCN) were used to examine floral evolution. We chose one of the most-parsimonious trees from MC analysis where Brandzeia is sister to Daniellia because it is the relationship obtained with MCN analysis.
RESULTS
Analysis of the morphological data yielded 1101 trees (length ¼ 653; CI ¼ 0 . 19; RI ¼ 0 . 70; Table 1 ). Bremer support values were usually low (data not shown). Results of the ILD test indicated a slightly significant incongruence between the morphological data and the plastid DNA data (P ¼ 0 . 01) and between the morphological data and the plastid plus ITS data set (P ¼ 0 . 01). These results are not highly significant and the use of ILD as an indicator of data set combinability has been questioned (see Yoder et al., 2001) . The main difference between the morphological and plastid data sets relates to the position of Brandzeia. Removing this genus improved the result of the ILD test and increased the resolution at the base of the tree without other modification in the relationships. It was thus decideded to combine the morphology and molecular data for analysis. (2007) . Values preceded by 'J' indicate jackknife support, and values preceded by 'B' indicate decay indices. n is the number of trees recovered for each analysis and the asterisk indicates that the maximum number of trees was reached. Genera that have been recorded as producing terpenes are in bold. For other taxa it is not known whether they have been tested and lack resins or whether they never have been tested for the presence of resins.
The results of these analyses are summarized and compared with our molecular study (Fougère-Danezan et al., 2007) in Table 1 . Several groups were resolved as monophyletic in both the morphological analysis and the combined data analyses (MC and MCN). Although the resin-producing Detarieae clade was recovered in the molecular analyses clade was resolved as monophyletic in both the morphological and combined analyses, but with strong support only in the latter. The Detarium clade was always resolved as monophyletic. It was strongly supported in the previous molecular analyses, and moderately to well supported in the combined analyses presented here. The positions of two genera, Gilletiodendron and Hylodendron, were ambiguous. As in our previous molecular analyses, in both the morphological and combined analyses Gilletiodendron was resolved as sister to the Detarium clade with poor support, whereas Hylodendron was sister to this entire clade (MC combined analysis), sister to Gilletiodendron (MCN combined analysis) or sister to Stemonocoleus (morphology alone).
DISCUSSION
The Detarieae clade has been recognized as monophyletic with strong support for some time (Bruneau et al., 2001) , but morphological synapomorphies have yet to be clearly identified (although some characters, such as intrapetiolar stipules, are present in most Detarieae). Our analyses point to several morphological characters that are useful at different phylogenetic levels for defining clades within the resin-producing Detarieae. Characters from the corolla (e.g. characters 52-54) can be useful synapomorphies for closely related genera but are problematic to use at the level of the resin-producing Detarieae as a whole because of convergent evolution (especially apetaly). Apetaly has been used as a primary character to define the Crudia group (Cowan and Polhill, 1981b) , but members of this generic group are scattered in our analyses, suggesting that loss of petals has arisen several times (six times) in the resin-producing Detarieae (Fig. 1) . Some vegetative characters, such as secondary venation (characters 23 and 24) , are also synapomorphies for closely related genera or for certain clades (e.g. the Hymenaea and Detarium clades). Some of the characters previously used for developing classifications have proved to be good synapomorphies in our analyses, such as inflorescence and sepal characters (e.g. characters 32 and 48 for the Detarium clade).
In addition, it was found that ovary characters are particularly useful synapomorphies for the Prioria s.l. and s.s. clades (characters 74 and 75), for closely related genera (character 70; Eperua s.l. in part), and even for genera (character 75; Guibourtia). Characters from fruits and seeds (characters 77, [87] [88] [89] are also useful to support clades (Prioria s.l. and Eperua s.s.) and at the generic and intrageneric levels. Pollen and wood anatomy characters (characters 78 -80, 82) support clades and resolve relationships among closely related genera, as do seedling characters (characters [83] [84] [85] , which Léonard ( , 1994 studied in detail and used as a basis for his substantial taxonomic revisions.
Morphological synapomorphies in Detarieae
The resin-producing Detarieae are not resolved as monophyletic in all analyses and, other than their ability to produce bicyclic diterpenes (Fougère-Danezan et al., 2007) , no clear synapomorphies are known for this group (see sub-tribe Detariinae; Table 2 ). However, within the resin-producing Detarieae, most of the clades recognized in our molecular analyses can also be diagnosed by morphological synapomorphies. These characters are used as a basis for proposing new informal taxonomic groups for the resin-producing Detarieae ( Table 2 ).
The Prioria s.l. clade is defined by having only one ovule per ovary. This state also occurs in Cynometra mannii and Guibourtia arnoldiana, but these species belong to genera usually having two ovules per ovary. A proximal wing is frequently present (Brandzeia, Gossweilerodendron, Hardwickia, Neoapaloxylon and some species of Kingiodendron and Oxystigma) even if not present in all the species of the clade (Prioria never has a wing). A similar wing is also observed in the monotypic genus Hylodendron (Detarium clade). In the Prioria s.l. clade, flowers are generally apetalous, except in the monotypic genus Brandzeia, which has five petals. Within the clade, some characters are shared with members of the Prioria s.s. clade and the two monotypic genera Colophospermum and Hardwickia, whereas other characters are shared with members of the Prioria s.s. clade and the genera Brandzeia and Neoapaloxylon. Colophospermum and Hardwickia share with the Prioria s.s. clade the absence of amyloids in seeds, present in all other Detarieae examined (Kooiman, 1960) . In addition, Colophospermum and members of the Prioria s.s. clade do not have 'Zwischenkörper' (a state unknown for Hardwickia), which have been observed in all other Detarieae and in Cercis . 'Zwischenkörper' (character 78; see Appendix 2) are pectic structures associated with the pores of pollen . Brandzeia and Neoapaloxylon share an attenuate stigma with all members of the Prioria s.s. clade, except Kingiodendron which has a crateriform stigma. Brandzeia and Neoapaloxylon are quite distinct from members of the Prioria s.s. clade by having more numerous smaller leaflets and larger flowers, which in Brandzeia have petals. The presence or absence of amyloids and 'Zwischenkörper' is unknown in those two genera.
The species of the Prioria s.s. clade are roughly similar, with multifoliolate leaves possessing a small number of leaflets and small apetalous flowers in dense racemes. In all these species, the cotyledons remain in the seed during germination, which is hypogeal rather than epigeal, typical of other Detarieae and the outgroup taxa . In addition, axial canals in the wood are diffuse, except in Prioria where they are tangentially organized . Breteler (1999) recently revised the genus Prioria to include all species of the Prioria s.s. clade. Among the members of this clade, Kingiodendron is easily distinguished by its crateriform stigma and unisexual flowers ( Table 3 ). The genus Gossweilerodendron has only four sepals (it is difficult to know whether this is due to fusion of the two adaxial sepals or whether only four sepals are initiated), whereas all other genera in this clade have five sepals. The genus Prioria has flat cotyledons, whereas they are ruminate or canaliculate in Kingiodendron and Oxystigma, and plano-convex in Gossweilerodendron. The polymorphic genus Oxystigma lacks any distinct unifying character (Table 3 ). An exhaustive species-level sampling of the Prioria s.s. clade and further examination of the morphological data are necessary, but, given the morphological diversity encountered in this clade, our results to date do not contradict the proposal that these four genera be united under the single genus Prioria. For the moment, we simply consider these four genera as being at least in the same sub-group (Prioria sub-group; see Table 2 ).
The two genera of the Hardwickia clade, Colophospermum and Hardwickia, share bifoliolate leaves (also occurring in the Hymenaea clade, Aphanocalyx cynometroides and Eurypetalum unijugum), asymmetrical leaflets with an actinodromous primary venation (also in Aphanocalyx, Bauhinia and Cercis), a peltate stigma and pantoporate pollen (Table 3) . They also lack axial canals, unlike other members of the Prioria clade (Banks and Gasson, 2000) . Other characters shared by these two monospecific genera, but not included in our matrix for practical reasons, include a rachis extension beyond the insertion point of the leaflets (Herendeen, 2000) , a haploid chromosome number of 17 (Goldblatt, 1981; Breteler et al., 1997 ; vs. n ¼ 12 or 11 in other studied Detarieae), pollen grains with a reticulate ornamentation (Banks and Klitgaard, 2000) , seeds with ruminate cotyledons and wood with a similar anatomy (Breteler et al., 1997; Banks and Gasson, 2000) . Breteler et al. (1997) suggested their unification because of these shared characters, but Léonard (1999) insisted on keeping them separate, arguing that they are clearly distinct regarding characters of generic importance. Indeed, Colophospermum has been interpreted as having four sepals, whereas Hardwickia has five, resulting in a difference in calyx structure (alternate for Colophospermum and imbricate for Hardwickia). However, an ontogenetic study of Colophospermum by Krüger et al. (1999) showed that the two lateral lobes of the perianth are probably bracteoles, not sepals (Fig. 2) . Similarly, the structure of the flower of Hardwickia suggests that the two lateral lobes of the perianth are also Barnebydendron, Goniorrhachis and Schotia are not included because their positions are not well resolved. Genera that have been recorded as producing terpenes are in bold. For other taxa it is not known whether they have been tested and lack resins or whether they never have been tested for the presence of resins. likely to be bracteoles (Fig. 2 ). The differences in flower structure thus appear to be the result of a similar event: the bracteoles becoming larger and closer to the calyx and the loss of the sepals contiguous to the bracteoles. These two genera also differ in stamen number, presence or absence of a staminal disk, anther surface texture, shape and dehiscence of the fruit, and seed morphology (see Léonard, 1999 , and Table 3 ). Therefore, although the unification of the two genera is possible, there remains a question of rank. They are, however, close relatives and are considered to be in the same sub-group (Hardwickia sub-group; see Table 2 ). As detailed above, members of this clade share several characters with the Prioria s.s. clade. The plastid data emphasize a close relationship with the Prioria s.s. clade, but the ITS data are more ambiguous. This conflict has been interpreted as an indication of a possible hybrid origin of Colophospermum and Hardwickia (Fougère-Danezan et al., 2007) . Moreover, the long branch observed in the molecular analyses and the large number of morphological apomorphies characteristic of this lineage suggest an accelerated rate of evolution. The relatively high chromosome number (n ¼ 17) suggests a triploid origin for this lineage, which may be associated with a hybridization event involving the Prioria s.s. clade lineage. As observed in other groups (Levin, 1983; Wendel, 2000) , the apparently accelerated evolution could be the result of a polyploidization event ( possibly an allopolyploidization event).
The genus Brandzeia (and its close relative Neoapaloxylon, sampled in the morphological data set only and thus absent in Fig. 1) is resolved in the morphological data analysis as a close relative of the Prioria s.s. clade, despite several nonexclusive characters being shared with the genus Daniellia. Although molecular data suggest a close relationship between Brandzeia and Daniellia, several characters shared by Brandzeia and members of the Prioria s.s. clade are linked with wind dispersal (one ovule per ovary, fruit indehiscent with a proximal wing) and could thus be the result of convergence. Moreover, several characters among those scored from the literature are missing for Brandzeia and Neoapaloxylon. We thus consider Brandzeia and Neoapaloxylon as being in the Daniellia group rather than in the Prioria group ( Table 2) .
The boundaries of the Detarieae s.s. clade are not well established, and its only synapomorphy is the protruding apertures of the pollen. This clade is difficult to define morphologically because of its high degree of variability.
Within Detarieae s.s., members of the Hymenaea clade have more or less regular flowers with five petals (Hymenaea and Peltogyne) or without any petals (Guibourtia; see Table 3 for more characters). This clade is better defined by vegetative characters, such as bifoliolate leaves (shared with Colophospermum, Hardwickia, Aphanocalyx cynometroides and Eurypetalum unijugum). The leaflets are asymmetrical (often curved) with pinnate secondary venation and the primary vein close to the distal margin. The insertion of the stipules is lateral (also occurring in Hardwickia) rather than intrapetiolar, as seen in other Detarieae. The genera Hymenaea and Peltogyne were included in the same generic group by Cowan and Polhill (1981b) , but Guibourtia was included in the apetalous Crudia group even though morphologically this genus is otherwise similar to members of the Hymenaea clade. The three genera of the strongly supported Hymenaea clade are thus considered to belong to the same group (Hymenaea group; Table 2 ). There is no morphological synapomorphy for the Eperua s.l. clade because the two monotypic genera Augouardia and Stemonocoleus are unique and do not seem to share characters with any other genus. These two genera have apetalous flowers with a reduction in the number of fertile stamens, but the patterns are different (Fig. 2) . The genus Augouardia has three fertile stamens facing the abaxial sepals and four staminodes on the adaxial side, and all the androecium parts are free. The genus Stemonocoleus has four fertile stamens fused in a sheath on the abaxial side, but in alternate positions relative to the sepals. Among the resin-producing Detarieae, a reduction in number of fertile stamens also occurs in the genus Sindora and in some species of Eperua. However, in the genus Sindora, the two fertile stamens are on the adaxial side (the others are reduced to staminodes), and in the genus Eperua, five sterile stamens alternate with five fertile stamens. The lower number of fertile stamens observed in Augouardia and Stemonocoleus, with fertile stamens on the abaxial side only, therefore appears to be homologous in the two genera, despite differences in fusion and number of stamens. Those two genera are also included in the Eperua group, but in a different sub-group (Stemonocoleus sub-group; Table 2 ).
The genera Eperua and Eurypetalum (Eperua s.s. clade) are undoubtedly closely related. The two genera have a similar flower structure, with nine of the ten stamens abaxially fused in a sheath, one large petal (larger than the calyx lobes) and four vestigial ones. Sindora klaineana has almost the same flower structure, but the only developed petal is smaller (comparable with calyx lobes). Despite their similarity in floral morphology, Eperua and Eurypetalum have been considered to belong to different generic groups (Cowan and Polhill, 1981b) . Eperua was placed in the Brownea group, although it lacks the main character defining this group (connate bracteoles) and shares other characters with other groups within Detarieae. Recent phylogenetic analyses have shown that the genus does not belong to the Brownea clade, which includes eight of the ten genera of the Brownea group (Bruneau et al., 2000 (Bruneau et al., , 2001 (Bruneau et al., , 2008 Herendeen et al., 2003) . Moreover, Eperua lacks the main character defining the clade (woody lip on the placental suture on each valve of the fruit; Redden and Herendeen, 2006) . Eurypetalum was placed in the Hymenostegia group, although it lacks one of the main characters of the group (well developed bracteoles; Cowan and Polhill, 1981b) . The only character supporting its inclusion is the presence of twisting fruit valves, a character shared by Eperua and Eurypetalum. Their similarity may have been unnoticed because Eurypetalum is exclusively African, whereas Eperua is exclusively American. In addition, the two genera differ by a number of other characters such as the length of the stamen sheath, size of the flowers, number of ovules per ovary, secondary venation, presence of a mucro on the leaflets and presence of twisted petiolules (Table 3 ). These two genera are treated here as members of the same sub-group (Eperua sub-group; Table 2 ).
Among our well supported clades, the Detarium clade is the most variable morphologically, even though it contains only members of the Detarium group as defined by Cowan and Polhill (1981b) and excludes one genus (Goniorrhachis), which had been included in the group. Some members of this clade have simple flowers that are more or less regular and apetalous (Copaifera, Detarium and Pseudosindora), whereas others have more or less regular flowers with five petals and nine of the ten stamens fused in a sheath (Baikiaea and Tessmannia; Table 3 ). However, in a few genera, the flowers are irregular with only one petal developed and with two (Asian Sindora) to four (African S. klaineana) vestigial petals or without vestigial petals (Sindoropsis letestui), and with nine stamens of the ten fused in a sheath, but with either ten fertile stamens (Sindoropsis letestui) or two fertile stamens and eight staminodes (Sindora). Nevertheless, members of this clade share several characters. The flowers are distichous in the inflorescence (also occurring in Gilletiodendron and Hylodendron and in the distantly related Goniorrhachis), except in Pseudosindora (sometimes included in Copaifera), which is reported to have spirally inserted flowers (Symington, 1944) ; however, the specimen observed in the present study was not well enough preserved for this character to be scored. The sepals are imbricate and the overlapped margins have a different texture (character 48; also occurring in Guibourtia and the closely related genera Gilletiodendron and Hylodendron). Those two characters were used by Cowan and Polhill (1981b) to define the Detarium group, although the latter was described as 'subvalvate sepals'. The wood shows, in most of the species of this clade, some tangentially organized axial canals (also occurring in Brandzeia, Cryptosepalum, Daniellia, Eperua and Prioria). In contrast, the genus Baikiaea has diffuse axial canals (as do the closely related genera Gilletiodendron and Hylodendron). Exinous bridges over the centre of the pollen aperture occur in four of the seven genera (Copaifera, Pseudosindora, Sindora and Sindoropsis) and in the closely related genus Hylodendron. Within the Detarium clade, intergeneric relationships remain poorly resolved, but each genus is well defined by morphology (Table 3 ) and combined data, except Copaifera which is not resolved as monophyletic in the combined analyses. We thus consider the members of Detarium clade as belonging to the same group (Detarium group) without defining any sub-groups (Table 2) .
Floral evolution
Although few ontogenetic studies have been carried out on resin-producing Detarieae, several apetalous species of the Amherstieae clade were studied by Tucker (2000a, b; 2001b) , and one apetalous species, Colophospermum, of the resinproducing Detarieae was studied by Krüger et al. (1999) . Within the Amherstieae clade, in Crudia some petal primordia are initiated but do not develop (Tucker, 2001b) , in Brachystegia all five petals are initiated but none develop (Tucker, 2000a) , and in Saraca it seems that five petals are initiated but four petal primordia develop later into stamens and one does not develop (Tucker, 2000b) . In contrast, in Colophospermum, the petals are not initiated (Krüger et al., 1999) . It remains to be determined whether all apetalous resinproducing Detarieae have this same developmental pattern, with absence of petals being the result of non-initiation of petal primordia.
Among the species having flowers with petals, several have fewer than five developed petals. These generally follow two patterns: either three petals are developed on the adaxial side and the abaxial ones are reduced (smaller or vestigial), or the median adaxial petal is developed and the four others are vestigial or absent (initiated or not). In the resin-producing Detarieae, the first pattern (3 þ 2) occurs more often in early diverging lineages (Fig. 1 ) such as Barnebydendron, Daniellia and Schotia, and even in some individuals of Hymenaea verrucosa (not observed, but see Lee and Langenheim, 1975) , whereas the second pattern (1 þ 4) predominates in later diverging lineages (Eperua, Eurypetalum, Sindora and Sindoropsis). It is thus hypothesized that repeated shifts occur from actinomorphy to zygomorphy through the reduction of lateral petals (the abaxial ones being more labile) in the resin-producing Detarieae. Reversal to an actinomorphic corolla is possible, and complete petal loss is frequent (six losses in resin-producing Detarieae; Fig. 1 ). This complex pattern of floral evolution may be associated with adaptation to a wide array of pollinators (Lewis et al., 2000) , but pollinators are known only for few species of this tribe.
Floral ontogeny depends not only on the interactions of the well-known A, B, C, D and E class genes encoding MADS box transcription factors (Theißen, 2001; Theißen and Saedler, 2001) , but also on the interactions between those genes and other genes in a complex genetic network (e.g. see Irish, 2008 for petal organogenesis in Arabidopsis). Moreover, several genes have been identified as being involved in this complex network of interactions to establish zygomorphy in Antirrhinum (Luo et al., 1996 (Luo et al., , 1999 Almeida et al., 1997; Galego and Almeida, 2002; Cubas, 2004) , and orthologues of one of those genes have been discovered in papilionoid legumes (Citerne et al., 2006) .
According to Irish (2008) , some genes appear to play a role in the formation of petal primordia and their later development (e.g. RBE), whereas others appear to act on petal growth (e.g. JAG and ANT), although it is not clear when the latter genes start acting. If the same genetic processes apply to legumes, this would strengthen the hypothesis that apetalous flowers with initiated petals (e.g. Brachystegia, Crudia) are not homologous to apetalous flowers without initiated petals (e.g. Colophospermum) as suggested by Tucker (2001b Tucker ( , 2003 . Unfortunately, it is impossible to test whether the taxa with petal primordia give rise to the taxa lacking petal primordia because only four apetalous genera in Detarieae have been studied from an ontogenetic point of view. Tucker (2000d ) invoked the 'suppression' of regulatory genes to explain changes of floral patterns, but recent improvements in our understanding of the genetic basis of floral development suggest otherwise. Small changes in cis-regulatory elements and trans-regulatory regions may lead to dramatic effects on the expression (in time and place) of a developmental gene, which will in turn affect the expression of other genes in the developmental regulatory network (Lynch and Wagner, 2008) . Several causes can thus lead to the same result (i.e. lack of expression of a developmental gene at a specific time and place) and, as such, structural homology in floral characters could be the result of genetic non-homology. This could explain why similar developmental patterns occur repeatedly during the evolution of the resin-producing Detarieae.
CONCLUSIONS
Morphology appears to be more in agreement with molecular data than was previously thought on the basis of traditional classifications (Cowan and Polhill, 1981b) . Despite a high level of homoplasy, several characters are useful for reconstructing phylogenetic relationships. Among the most promising characters, those from the ovary, fruit and seed should be further investigated.
Although some of the relationships within Detarieae remain poorly resolved, the classification of the tribe should be modified to take into account the groupings suggested by our analyses (Table 2 ). While the more strongly supported groups are probably correct (sub-tribe Amherstiinae, Hymenaea group, Detarium group), some others may need further modifications.
SUPPLEMENTARY DATA
Supplementary data are available online at http:// aob. oxfordjournals.org and include the complete morphological matrix used for this study.
